meThOdOLOgy Bacterial isolates E. coli isolates selected for the study were collected from Silchar Medical College and Hospital, Silchar, Assam, India, between August 2016 and July 2017. Isolates were selected based on resistance to at least one of the carbapenems (meropenem, ertapenem and imipenem) and levofloxacin and ofloxacin.
Phenotypic screening of efflux pump-mediated carbapenem and quinolone resistance
The selected isolates were screened for efflux pump-mediated carbapenem and quinolone resistance using meropenem (10 μg), levofloxacin (5 μg) and ofloxacin (5 μg) alone and in combination with an efflux pump inhibitor carbonyl cyanide m-chlorophenylhydrazone (12.5 μM) (HiMedia, Mumbai, India). A difference between zone of inhibition of ≥5 mm with the inhibitor and the antibiotic alone taken as screened positive organism. [13] 
Detection of carbapenemase activity
To avoid the interference of any carbapenemase genes, Modified Hodge test was performed to verify the carbapenemase activity in the selected isolates. To further confirm the absence of carbapenemase genes, polymerase chain reaction (PCR) was carried out in a 96-well thermal cycler (Applied Biosystems) for carbapenemase genes which included bla NDM , bla VIM , bla KPC , bla IMP , bla OXA − 23 , bla OXA − 48 and bla OXA − 58 . [14] [15] [16] [17] 
Antimicrobial susceptibility testing and minimum inhibitory concentration determination
Antimicrobial susceptibility testing was performed by Disc diffusion method against various antibiotics including-ciprofloxacin (5 μg), amikacin (30 μg), cefepime (30 μg), aztreonam (30 μg), ceftriaxone (30 μg), cotrimoxazole (25 μg), ceftazidime (30 μg), levofloxacin (5 μg), gentamicin (10 μg), carbenicillin (10 μg), polymyxin B (300 units), Colistin (10 μg), ceftazidime (30 μg) and piperacillin-tazobactam (100/10 μg) (Hi-media, Mumbai, India) and the results were interpreted as per CLSI guidelines 2017. [13] The minimum inhibitory concentrations (MICs) of carbapenems (meropenem, ertapenem and imipenem) and levofloxacin and ofloxacin were determined by agar dilution method, and the results were interpreted using CLSI guidelines. [13] E. coli ATCC 25922 was used as quality control.
Relative quantification of AcrEF efflux pump expression by quantitative real-time polymerase chain reaction
Transcriptional expression of the targeted efflux pump genes AcrE and AcrF was measured through QIAGEN Rneasy Mini Kit (QIAGEN, Germany) using total RNA extracted from overnight culture. RNA was reverse transcribed into complementary DNA through QIAGEN Reverse Transcription Kit (QIAGEN, Germany) and was quantified by Picodrop (pico200, Cambridge, UK). Quantitative real-time PCR was performed using Power Sybrgreen master mix reagents kit (Applied Biosystems, Austin, USA) in a StepOnePlus Quantitative Real Time-PCR (Applied Biosystems, USA) using specific primers AcrE (F): AACCGCAGGTTACCGTTCAT, A c r E ( R ) : C G G G AT C G TA C T G A AT C G C A a n d AcrF (F): GAAACCGTGGGAAGAGCGTA, AcrF (R): CCATTGTTGAACTGGGCACG. Gene expression was calculated using the ∆∆ CT method and all samples were normalised using E. coli ATCC 25922 as an internal control and Rpsl as an exogenous control.
Transcriptional expression of AcrEF efflux pump under concentration gradient quinolone and carbapenem stress condition
The expression level of the efflux pump genes AcrE and AcrF were further examined after antibiotic exposure of meropenem (AstraZeneca UK Limited), ertapenem (MSD Pharmaceuticals Pvt. Ltd., India), imipenem (Hetero Labs Limited, India), levofloxacin (Micro Labs Limited, Bengaluru, India) and ofloxacin (Micro Labs Limited, Bengaluru, India) at concentrations ranging from 0.25 and 2 μg/ml by quantitative real-time PCR. The primers and the reaction conditions are as described above.
resuLTs
Of 167 clinical isolates of multidrug-resistant E. coli, 57 were showing efflux pump-mediated carbapenem or quinolone resistance by an inhibitor-based method. Among them, 27 were found to be devoid of any carbapenemase activity, were selected for the further study. MIC of most of the isolates was found to be above break point against carbapenems and studied quinolones [ Table 1 ]. Among these 27 isolates, 13 showed overexpression of AcrE and AcrF when compared with E. coli ATCC 25922 [ Figure 1 ]. Further, the transcriptional expression of AcrE was directly proportional to the increasing concentration of levofloxacin and ofloxacin [ Figure 2 ]. Whereas the expression level of AcrF gene under levofloxacin showed an asymmetrical 
Control AcrE
Control AcrF SC Figure 3 ] but under ofloxacin stress a decrease in the expression of AcrF gene up to a particular concentration (1 μg/ ml) then a substantial increase in the expression level with increase in concentration was noticed [ Figure 3 ]. AcrE under carbapenem stress shown in consistent result. With ertapenem, transcriptional expression increased at 1 μg/mL and subsequently an increasing pattern was observed. Imipenem showed a consistent pattern of expression independent of the concentration gradient. However, in case of meropenem decrease in expression was observed at 1 μg/ml, besides there was a constant elevation in expression [ Figure 4 ]. In case of AcrF, there is no significant alteration in the expression pattern when the isolates were exposed to concentration gradient imipenem and meropenem stress. However, response against ertapenem was random without any specific trend [ Figure 5 ]. The study isolates showed susceptibility towards amikacin (68.4%), gentamicin (59.6%), cefepime (52.7%) and piperacillin/tazobactam (48.3%).
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disCussiOn
In the present study, overexpression of AcrEF-TolC was observed in 13 E. coli isolates which were also having a quinolone and carbapenem-resistant phenotype. A similar finding was observed in a previous study where enhanced efflux was observed in isolates with increased AcrEF expression. [18] In addition, an increase in expression of AcrF was detected in E. coli that had a MIC above the breakpoint for ciprofloxacin, levofloxacin and norfloxacin in a study conducted in Japan. [19] However, as per our knowledge, no study has attempted to analyse the transcriptional response of AcrEF-TolC under differential concentration gradient stress of quinolones. In the study, we selected levofloxacin and ofloxacin for stress analysis as these two antibiotics are being prescribed mostly due to their broad range of activity. [20, 21] The study shows an increasing pattern of transcriptional expression of AcrE against an increasing concentration of levofloxacin and ofloxacin whereas the same pattern was not noticed in case of AcrF. Thus, the expression of AcrE probably being induced in the presence of quinolone. However, no previous study could be found in the support of our finding. In the present study, no correlation of carbapenem resistance within AcrEF-TolC expression could be established. Although further investigation is required.
Probably, this RND efflux pump system does not have any role in carbapenem resistance.
COnCLusiOn
The present study highlights that besides qnr genes and mutational changes in gyr region, AcrEF-TolC plays a major role in fluoroquinolone resistance in this part of the world. The upregulation of AcrE in the presence of levofloxacin and ofloxacin warrants further investigation to establish their active role in efflux of this drug.
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